Previous studies have shown that 4-vinylcyclohexene diepoxide (VCD)-induced ovotoxicity in rats is likely caused by acceleration of the normal rate of atresia (apoptosis). VCD-induced ovotoxicity is specific for small preantral follicles and is associated with increased activity of caspase cascades. The present study was designed to investigate the alteration of expression and distribution of several Bcl-2 family member proteins induced by dosing of VCD in rat small ovarian follicles. Female F344 rats were given a single dose of VCD (80 mg/kg, i.p., 1 day; a time when ovotoxicity is not initiated), or dosed daily for 15 days (80 mg/kg, i.p., 15 days; a time when significant ovotoxicity is underway). Four hours following the final dose, livers and ovaries were collected. Ovarian small (25-100 m) and large (100-250 m) preantral follicles were isolated, and subcellular fractions (cytosolic and mitochondrial) were prepared. Compared with controls, levels of the proapoptotic protein, Bad, were greater in both cytosolic and mitochondrial fractions of small preantral follicles collected from 15-day VCD-treated rats (cytosol, 1.97 ؎ 0.16; mitochondria, 2.20 ؎ 0.24, VCD/control, P Ͻ 0.05). After 15 days of daily VCD dosing, total cellular antiapoptotic Bcl-x L protein levels were unaffected in small preantral follicles, but its distribution in mitochondrial and cytosolic components was altered (mitochondria, 0.635 ؎ 0.08; cytosol, 1.39 ؎ 0.14, VCD/control, P Ͻ 0.05). Likewise, VCD did not affect protein levels of proapoptotic Bax in small follicles on Day 15. However, consistent with a Bax-mediated mechanism of apoptosis, the relative ratio of Bax/Bcl-x L in the mitochondrial fraction of small preantral follicles was significantly increased by VCD dosing (1.62 ؎ 0.21, VCD/control, P Ͻ 0.05). Immunofluorescence staining intensity evaluated by confocal microscopy visualized cytochrome c protein in the cytosolic compartment in granulosa cells of preantral follicles in various stages of development. Relative to controls, within the population of small preantral follicles, staining intensity was less (P Ͻ 0.05) and presumably more diffuse, specifically in stage 1 primary follicles from VCD-treated animals (15 days). VCD caused none of these effects in large preantral follicles or liver (not targeted by VCD). These data provide evidence that the apoptosis induced by VCD in ovarian small preantral follicles of rats is associated with increased expression of Bad protein, redistribution of Bcl-x L protein and cytochrome c from the mitochondria to the cytosolic compartment, and an increase in the Bax/ Bcl-x L ratio in the mitochondria. These observations are consistent with the involvement of Bcl-2 gene family members in VCD-induced acceleration of atresia. apoptosis, follicle, ovary, signal transduction, toxicology
INTRODUCTION
Females are born with a finite number of primordial follicles that cannot be further generated after birth. The number of follicles that will ever be selected for development to ovulation is small compared with the total number of primordial follicles present at birth [1] . Instead, the vast majority undergo degeneration at various developmental stages by a process known as atresia [2] . Follicular atresia occurs continuously in the ovary from birth until the supply of follicles is depleted, and ovarian failure (menopause in women) occurs [3] . Menopause is known to be associated with a variety of health problems; therefore, ovotoxic chemicals that destroy primordial follicles can pose a long-term risk in women by causing early menopause [4] .
One chemical that has been shown to destroy oocytes contained in primordial and primary (small preantral) follicles in rats and mice is 4-vinylcyclohexene diepoxide (VCD), although it is uncertain whether VCD acts on oocytes directly or indirectly via targeting of granulosa cells. VCD is a metabolite of 4-vinylcyclohexene (VCH), which is formed from the dimerization of 1,3-butadiene as a byproduct in the manufacture of pesticides, flame retardants, rubber, and plastics [5] . How exposure to VCH or VCD affects ovarian function in occupationally exposed women is not known, because epidemiological studies have not been reported. However, industrial workers exposed acutely to VCH complain of nasal irritation and headaches, and those exposed to VCD complain of minor to moderate skin irritation [6] . Therefore, human exposure to VCH or VCD may represent a potential general health hazard. The conditions of exposure of rats we employ are unlikely to be routes and doses of exposure in humans. However, ovotoxicity in animals caused by VCH or VCD has also been observed via inhalation, dermal, and oral exposures [7] [8] [9] .
Following 30 days of daily dosing with VCD, the majority of small preantral follicles in immature and adult rats are destroyed [10] . Previous studies have determined that repeated dosing with VCD (80 mg/kg, i.p.) is required to cause ovotoxicity, and the earliest evidence of impending VCD-induced follicle damage is observed following 10 daily doses [11] . After 15 days of dosing, loss of about 50% of small preantral (primordial and primary) ovarian follicles has occurred [11] [12] [13] .
Observations in these previous reports have led to the conclusion that VCD causes follicle loss by accelerating the overall rate of follicular atresia, a process known to occur via apoptosis [11] [12] [13] [14] [15] . Apoptosis, an active process of cellular self-destruction, involves a precisely controlled series of events that become activated in a cell poised to die [16] . One recent study also reported that the activity of the apoptosisassociated executor enzyme, caspase-3, is increased in small preantral follicles during VCD-induced ovotoxicity [15] .
Within certain types of cells, translation of the signal for apoptosis occurs at an intracellular checkpoint involving the FIG. 1. Effect of VCD dosing in rats on Bcl-2 related proteins. Autoradiogram showing total cellular proteins prepared from small (25-100 m) or large (100-250 m) preantral ovarian follicles, or liver collected from F344 rats 4 h following repeated (15-day) daily dosing with VCD (80 mg/kg, i.p.) or vehicle control. Western blot analysis was performed using primary anti-Bax, anti-Bcl-x L , antiphosphorylated Bad, or anti-Bad antibodies as described in Materials and Methods. The gel is representative of three independent experiments.
FIG. 2. VCD-induced alteration in subcellular localization of Bcl-2 family member proteins. Cytosolic and mitochondrial fractions were prepared from isolated small or large ovarian follicles or liver tissue collected from F344 rats following 15 days of daily dosing with VCD (80 mg/kg, i.p.) or vehicle control. A representative immunoblot is shown in A) mitochondrial or B) cytosolic fractions that were analyzed by Western blot analysis using primary antibodies against Bcl-x L or Bad as described in Materials and Methods. C) Levels of Bcl-x L and Bad protein in cytosol and mitochondria. Data are expressed as effects of VCD versus control. *P Ͻ 0.01 compared with control, n ϭ 3.
Bcl-2 family of proteins [17, 18] . The Bcl-2 oncogene [19] has been associated with resistance to apoptosis in a variety of mammalian systems [20] . Several members of the Bcl-2 protein family can homodimerize and heterodimerize through specific conserved domains to modulate cell death signals [21] [22] [23] . Bcl-2 and its homologue, Bcl-x L , function to prevent cell death, whereas Bax and Bak accelerate the cell death signal [24] [25] [26] . A ''rheostat'' theory has been proposed in which the ratio of proapoptotic to antiapoptotic proteins determines the susceptibility of a given cell to apoptosis [17] .
Much information is available about receptor-mediated cellular regulation in large, antral ovarian follicles. However, little has been studied or reported as to what factors mediate viability/growth, or death/atresia in small preantral follicles (primordial and primary). It has been reported, however, that tyrosine kinase receptors mediated by growth factors and cytokines figure prominently in survival of preantral follicles [27, 28] . Conversely, the onset of cell death (apoptosis) has been associated with tumor necrosis factor alpha and Fas ligand [29] .
Although little is known about the intracellular mechanism or mechanisms involved in VCD-induced apoptosis, our previous findings with bax mRNA [12, 14] and preliminary screening experiments by microarray suggested the involvement of several members of the Bcl-2 family in VCD-induced acceleration of atresia. Therefore, the present study has been designed to test the hypothesis that VCD dosing alters the expression and distribution of Bad, Bcl-x L , and Bax proteins in small ovarian follicles. 
MATERIALS AND METHODS

Reagents
Animals and Tissue Collection
Immature (21 days old) female Fisher 344 rats were obtained from Harlan Laboratories (Indianapolis, IN), housed in plastic cages, given food and water ad libitum, and maintained on a 12L:12D cycle. Animals were allowed to acclimate for 1 wk before experiments began. All experiments were approved by the university's Institutional Animal Care and Use Committee. Rats (28 days old) were given daily i.p. injections of either sesame oil (2.5 ml/kg, vehicle control) or VCD dissolved in sesame oil (80 mg/kg, 0.57 mmol/kg) for 1 day or 15 days as described previously [11, 30] . Four hours following the final dose, rats were killed by inhalation of CO 2 . Tissues (liver and ovaries) were excised, and ovarian preantral follicles were isolated. The percentage of atretic follicles that were collected on Day 1 ranged from 17% to 25% and on Day 15 from 40% to 60% [12, 13] .
Follicle Isolation
Small preantral follicles (fraction 1, 25-100 m in diameter) and large preantral follicles (fraction 2, 100-250 m in diameter) were prepared by gentle enzymatic dissociation of ovaries and sorting with micropipettes as previously described [30] . Pools of follicles were collected from both ovaries of six rats in each treatment (control or VCD) for each observation (n). Following isolation, follicles were washed twice with M199 and used for separation of subcellular fractions. The purity of the isolated follicles evaluated microscopically was Ͼ99%, and the viability of isolated follicles evaluated microscopically by trypan blue dye-exclusion was Ͼ99% [30, 31] .
Preparation of Mitochondria and Cytosolic Fractions
The protocol was based on the method of Bossy-Wetzel [32] with minor modifications. Briefly, fresh liver or follicles were resuspended in ice-cold separation buffer (200 mM mannitol, 50 mM sucrose, 10 mM KCl, 1 mM EDTA, 10 mM Hepes-KOH pH 7.4, 1 mM PMSF, 10 g/ml leupeptin, 10 g/ml aprotinin), and homogenized with a Dounce homogenizer. Samples were centrifuged in Eppendorf tubes (at 900 ϫ g for 5 min at 4ЊC) to remove nuclei, followed by centrifugation at 10 000 ϫ g (25 min at 4ЊC) to obtain a membrane pellet enriched in mitochondria. The supernatant was collected and used as the cytosolic fraction. The mitochondrial pellet was resuspended in 20 l PBS, 0.2% Triton X-100. In experiments in which the phosphorylation status of Bad protein in isolated follicles was analyzed, 50 mM sodium fluoride and 1 mM sodium vanadate were added to the lysis buffer to inhibit, respectively, the protein kinase and phosphatase activity. One millimolar sodium vanadate was also added to Western blot transferring buffer to inhibit phosphatase activity. The resuspended mitochondrial fraction and the cytosolic fraction were either used immediately or stored at Ϫ20ЊC for assay within 1 mo. Mitochondrial content of the fractions was estimated by assay for cytochrome oxidase activity, known to be specific for the mitochondrial inner membrane [33] . The oxidation of cytochrome c was used to assess cytochrome oxidase activity (U ϭ the optical density of the completely oxidized sample was subtracted from that at any given time and the logarithm of this difference was plotted against time). The average enzyme activity per milligram of protein was 481.6 U in the mitochondrial fraction, 4.7 U in the cytosolic fraction, and 68.6 U in whole cell lysate. The efficiency of mitochondria preparation was about 88%. Protein levels in the samples were determined with DC BioRad protein assay kits.
Western Blot Analysis
Protein was resolved over a 15% polyacrylamide gel and transferred to a nitrocellulose membrane. The blot was preincubated in blocking buffer (5% nonfat dry milk, 1% Tween 20, in 20 mM TBS pH 8.0) for 1 h at room temperature, then incubated with appropriate primary antibodies in blocking buffer from 1 h at room temperature to overnight at 4ЊC followed by incubation with anti-rabbit or anti-mouse secondary antibodies conjugated with horseradish peroxidase and detected by chemiluminescence and autoradiography using x-ray film. Antibody against cytochrome c showed one (molecular weight ϳ14 kDa) or two (dimer of cytochrome c, molecular weight ϳ28 kDa) bands. The antibodies against Bcl-x L , Bax, and Bad demonstrated several bands with the most intense staining at the predicted molecular weight in each case (ϳ26 kDa, ϳ23 kDa, and ϳ28 kDa, respectively). In each sample, quantification was made only on the band displaying the proper molecular weight.
Quantification for Western Blot Assay
Prior to each Western blot assay of a specific protein, a linear curve was generated to determine the optimal amount of protein for loading for that antibody. This assay was also used to determine specificity of the antibody and confirm that a protein was recognized at the predicted molecular weight. The loading protein ranged from 10 to 40 g for all antibodies. In each experiment, equal amounts of protein were loaded for all samples, and all groups in one experiment were loaded on the same gel. For quantification, a screening was performed on blots with x-ray film using different times of exposure to optimize the signal so as not to quantify the overexposed bands. Densitometric measurements were performed using the Eagle Eye II system with Eaglesight software version 3.2 (Stratagene, La Jolla, CA). 
Immunofluorescence by Confocal Microscopy
Both ovaries were fixed for 8-12 h in 4% buffered formalin, dehydrated, and embedded in paraffin. Five-micrometer sections were prepared and deparaffinized. All blocking, antibody detection, RNA digestion, and nucleic acid staining steps were performed at room temperature. Tissue sections were blocked with 5% BSA/PBS for 10 min, followed by goat serum (1:10 dilution) for 10 min. The primary antibody, polyclonal rabbit cytochrome c antibody (1:50-100 dilution), was applied for 1 h, followed by a biotinylated anti-rabbit secondary antibody (1 h), and then incubated with Cy5-Streptavidin at 1:100 dilution (1 h). Optimal primary antibody dilution was determined in a preliminary staining. For visualization of genomic DNA, tissue was reacted with ribonuclease A (DNase-free) at a concentration of 100 g/ml for 1 h, followed by YOYO-1 staining (5 nM) for 10 min. After extensive PBS washes, aqueous mounting medium and coverslips were applied. Stained sections were stored at 4ЊC in the dark to maintain fluorescence until viewed (within 1 wk). Ovarian sections were viewed on a Leica confocal microscope using a xenon light source, and the intensity was determined using an argon-krypton laser projected through the tissue into a photo-multiplier tube at wavelengths of 488 (YOYO-1) and 647 nm (Cy5). Fluorescence staining of antigens was measured as the average color intensity of follicles using Scion Image Software (National Institutes of Health, Bethesda, MD). Staining intensity in each field was normalized to a nonstaining area of tissue. No autofluorescence was seen in unstained, coverslipped ovarian sections observed at 647 nm. Classification of preantral follicles was as follows: primordial (oocyte surrounded by a small number of squamous granulosa cells), stage 1 primary (oocyte surrounded by one layer of fewer than 20 granulosa cells), stage 2 primary (oocyte surrounded by one layer of more than 20 granulosa cells), and growing (oocyte surrounded by more than one layer of granulosa cells with no visible antrum).
Statistical Analysis
All experiments involving follicle isolations were repeated with separate groups of rats (six rats/group) for independent observations. Quantitative analysis from all experiments was calculated by the following method. The data were analyzed statistically using individual optical density (OD) values (control and VCD) that were obtained with the Eagle Eye II system. The mean OD values were then expressed as a ratio (VCD/control) to emphasize the relative changes in protein level as a function of VCD treatment of rats. Mean differences were analyzed using analysis of variance and, where appropriate, the Fisher PLSD posthoc test. For all statistical analysis, significance was assigned P Ͻ 0.05.
RESULTS
Effect of VCD Dosing on Follicular Content of Bax, Bcl-x L , and Bad Proteins
Total cellular protein from small ovarian follicles (targeted by VCD) or large ovarian follicles and liver (not targeted by VCD), were analyzed by Western blot analyses using antiBax, anti-Bcl-x L , and anti-Bad primary antibodies. A single dose of VCD caused no effect on Bad, Bcl-x L , or Bax protein in any tissue examined. Following daily dosing with VCD for 15 days, Bad protein levels in small preantral follicles were increased (P Ͻ 0.05), but not Bcl-x L or Bax (Fig. 1 ). There were no effects of VCD in large preantral follicles at any time. In liver, Bax protein was decreased (P Ͻ 0.05) by VCD dosing on Day 15, whereas there was no effect on Bcl-x L or Bad (Fig. 1) . Bcl-x L antibody detected two protein bands in ovarian follicles but only one in liver.
The phosphorylation status of Bad protein is known to affect its apoptotic activity; therefore, this was evaluated using an anti-phospho-Bad antibody. After 15 days of dosing with VCD, there was more phosphorylated Bad protein in small preantral follicles compared with control ( Fig. 1, Table 1 ). However, the ratio of phosphorylated:total Bad protein was not different. Thus, there was also an increase in nonphosphorylated Bad ( Table 1 ). The level of phosphorylated Bad was not altered by VCD in large preantral follicles or liver.
Subcellular Distribution of Bax, Bcl-x L , and Bad in Small Ovarian Follicles Following VCD Dosing
To determine the effect of VCD dosing on the subcellular distribution of Bax, Bcl-x L , and Bad, fractions of mitochondria and cytosol were prepared from isolated target or nontarget tissues, and the levels of Bcl-2-related proteins were determined by Western blot analyses. After a single dose of VCD (1 day), Bax, Bcl-x L , and Bad proteins in mitochondrial fractions were not different from control. After daily dosing with VCD for 15 days, Bcl-x L protein levels were decreased (P Ͻ 0.05) in the mitochondria and increased (P Ͻ 0.05) in the cytosolic fraction when compared with control (Fig. 2) . No change in subcellular distribution of Bax protein was seen with VCD treatment. Relative to control, Bad protein was increased (P Ͻ 0.05) by VCD dosing in both fractions (Fig.  2) .
VCD-Induced Alteration of Bax/Bcl-x L in Mitochondria
A calculation of the Bax/Bcl-x L ratio in mitochondria versus cytosolic compartments was made (Table 2) . Repeated daily dosing with VCD (15 days) did not alter the ratio of Bax/Bcl-x L in total cellular protein, but it was increased (P Ͻ 0.05) in the mitochondrial fraction, and decreased (P Ͻ 0.05) in the cytosol in small preantral follicles. There was no effect of VCD in large preantral follicles, but the cytosolic Bax/Bclx L ratio was decreased by VCD in liver. Unlike small preantral follicles, this was not accompanied in liver by an increase in the mitochondrial fraction.
Effect of VCD Dosing on Subcellular Distribution of Cytochrome c
Cytochrome c localization in ovarian follicles was visualized by confocal microscopy with immunohistochemistry using an anti-cytochrome c polyclonal antibody. Western blot analysis was used to verify the results. Cytochrome c was observed in the cytosolic compartment of granulosa cells in follicles at a variety of developmental stages. Compared with control, follicles from rat ovaries collected after a single dose (1 day) of VCD showed no difference in cytochrome c staining. However, following 15 days of daily dosing, the intensity of cytochrome c staining in granulosa cells in stage 1 primary follicles was selectively reduced, relative to control (Fig. 3) . This observation is consistent with a diffusion of cytochrome c from mitochondria into the cytosol. This effect was not observed in other follicle types (Table 3) . By Western blot analysis, there was a shift (P ϭ 0.058) of cytochrome c from the mitochondria to the cytosol in small preantral follicles collected from VCD-dosed rats (15 days). VCD had no effect in liver or large preantral follicles (Fig. 4) .
DISCUSSION
The Bcl-2 family of proteins is important in the cell death pathway of a variety of species and cell types [34] . Complex interactions among the various Bcl-2 family members determine the outcome in terms of cell progression toward either apoptotic cell death or survival [35] . Recent studies of follicular atresia have reported a number of cellular pathways that are involved in normal apoptosis in granulosa cells collected from large antral follicles. Similar to the findings presented here, these studies have also determined that members of the Bcl-2 family of protooncogenes are involved [36, 37] . However, evidence regarding the function and interactions of these proteins is mostly derived from studies using homogeneous cell lines. Less is known about their expression and regulation within the physiological context. The present study is the first to examine the expression and redistribution of Bcl-2 related proteins in rat small preantral ovarian follicles during ovotoxicity induced by VCD-dosing.
Up-Regulation of Bad Protein Expression Is a Critical Event in VCD-Induced Ovotoxicity
Western blot analysis evaluated the subcellular distribution of Bcl-x L , Bax, and Bad proteins in small preantral follicles collected from VCD-treated rats (1 day and 15 days). No significant effects in any of these proteins were seen in small follicles collected on Day 1. This is consistent with the fact that VCD-induced ovotoxicity is not seen at that time [14] . On Day 15, however, VCD caused a significant increase in expression of Bad protein in mitochondrial and cytosolic subcellular fractions. This suggests that expression of Bad may be a key regulatory point in VCD-induced apoptosis.
It was recently demonstrated that Bad can act as a molecular switch between signal transduction pathways and the cell death process, and that the proapoptotic activity of Bad is modulated by its degree of phosphorylation [38] . By this model, in the nonphosphorylated state, Bad preferentially dimerizes with Bcl-2 or Bcl-x L and prevents their antiapoptotic activity. Therefore, an increase in nonphosphorylated Bad is consistent with increased apoptosis. The data presented here show that VCD dosing (15 days) has no effect on the relative ratio of phosphorylated Bad to nonphosphorylated Bad in small preantral follicles. However, because expression of total Bad protein was increased, more nonphosphorylated protein has become available. This suggests that an increase in Badsequestered Bcl-x L would result.
VCD Dosing Induces the Translocation of Bcl-x L from Mitochondria to Cytosol
A growing body of evidence supports the concept that translocation of Bax to the mitochondria in response to apoptotic stimuli induces the release of cytochrome c and the induction of apoptotic cell death [39] . Bcl-x L protein has the potential to block Bax-induced events. This can occur by heterodimerization with mitochondria-associated Bax, which reduces its mitochondrial membrane targeting, and prevents cytochrome c release. The data presented here show that VCD dosing induces the translocation of Bcl-x L from mitochondria to cytosol in small preantral follicles. Although the exact mechanism of this translocation is not known, this results in an increase in the ratio of Bax/Bcl-x L in the mitochondria. The Bax/Bcl-x L ratio was, interestingly, decreased in liver cytosol from VCD-treated rats, but unchanged in the mitochondrial compartment. This is reflective of a decrease in total cellular Bax protein, which is consistent with an earlier observation of a VCD-induced reduction in bax mRNA in liver. In that study, repeated dosing with VCD also caused an increase in bax mRNA expression in isolated small ovarian follicles after 10 days [14] . However, in the present study, there was not an elevation of total cellular Bax protein levels in small ovarian follicles at Day 15. The reason for these differences is not clear, but may reflect the loss of bax-expressing follicles that has occurred after 15 days of repeated dosing as compared with the 10-day time point, which displays the earliest signs of impending follicular destruction, although follicle loss has not yet occurred. Alternatively, small follicles at both time points have been collected 4 h following the final dose. Therefore, in response to the final dose, bax mRNA may be altered within 4 h, while changes in protein expression have not yet occurred.
VCD-Induced Cytochrome c Release Is Specifically Located in Small Primary Follicles
In vitro studies have demonstrated that the release of cytochrome c from mitochondria is central to mitochondria-dependent apoptotic processes. From what is known of this signaling pathway, cytochrome c in the cytoplasm can cause activation of the caspase-9/Apaf-1 ''apoptosome,'' with subsequent activation of caspase-3 and induction of apoptosis [23] . The subcellular localization of cytochrome c was observed in the present study by immunohistochemistry. Relative to control, staining intensity was reduced (P Ͻ 0.05) in the cytoplasm of granulosa cells only in stage 1 primary follicles in VCD-dosed rats. This observation is consistent with leakage of cytochrome c from the mitochondria (relatively concentrated) to the cytosol (relatively diffuse). This possibility was investigated by Western blotting analysis in which total cytochrome c protein in isolated small ovarian follicles was not changed by VCD dosing; however, there was a shift of cytochrome c from mitochondria to the cytosol. Because the isolated follicle fraction used for Western blot analysis also contains primordial and some small growing follicles, the magnitude of response measured by Western blot analysis is somewhat masked by other nonresponsive cells. Taken together, these data support a role for VCD-induced leakage of cytochrome c from mitochondria into the cytosolic compartment.
In conclusion, the current study provides evidence that VCD-induced acceleration of follicular atresia in rat ovarian small preantral follicles is associated with increased expression of Bad protein, translocation of Bcl-x L from the mitochondria to the cytoplasm, increased Bax:Bcl-x L ratio in the mitochondria, and increased release of cytochrome c from mitochondria to cytosol. These effects were specifically localized to small preantral follicles (known targets of VCDinduced apoptosis). Furthermore, these events were seen in rats treated for 15 days, but not after a single dose of VCD (when VCD-induced ovotoxicity is not under way). Thus, the evidence to support the involvement of the Bcl-2 family of protooncogenes in VCD-induced acceleration of atresia is quite convincing. Further studies will investigate potential mechanisms by which the Bcl-2 pathway is activated.
